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Abstract

SHINE (Shanghai High repetition rate XFEL aNd Ex-
treme light facility) is a newly proposed high-repetition-
rate X-ray FEL facility and will be used to generate bril-
liant X-rays between 0.4 and 0.25 keV. To guarantee the
high performance of FEL light pulses, it is required to pre-
cisely monitoring the trajectory of the electron bunch. The
position resolution of each bunch at the undulator section
is required to be better than 200 nm at a bunch charge of
100 pC and 10 um at a bunch charge of 10 pC. Since the
cavity beam position monitor (CBPM) is widely used in
FEL facilities for its unique high resolution and high sen-
sitivity and the output signals of an ideal pillbox cavity are
proportional to the resonant frequency, thus the X-band
CBPM is preferred because it is expected to obtain better
results at low bunch charge compared with the C-band
CBPM. Therefore, an X-band CBPM prototype is also de-
veloped for SHINE. This paper will focus on the design
and production process of the X-CBPM.

INTRODUCTION

SHINE is designed to become one of the most efficient
and advanced free electron laser user facilities in the world
and provide an ultra-powerful tool for cutting-edge re-
search. The facility is composed of a superconducting lin-
ear accelerator, 3 underlines, 3 optical beam lines, and the
first 10 experimental stations[1, 2]. The facility is designed
to operate at a maximum repetition rate of 1 MHz and the
beam energy is 8 GeV. The bunch charge is ranging from
10 pC to 300 pC. The pulse length is only 20 to 50 fs.

To build such an ultra-high performance FEL facility,
stringent requirements are placed on the beam position
monitor system so as to establish and maintain precise
beam trajectory and prevent emittance growth. At the un-
dulator section, the bunch position resolution is required to
be better than 200 nm at a bunch charge of 100 pC and
10 um at 10 pC bunch charge. Since the cavity beam posi-
tion monitors (CBPM) can couple high signal-to-noise ra-
tio (SNR) RF signals for high-resolution bunch position
detection and the reported position resolution can even
reach nm-scale, thus the CBPM is utilized in this section.
Generally, the CBPM can work at S-band, C-band and X-
band. In this research, the X-band CBPM is selected for
three reasons. Firstly, the X-band CBPM has a more com-
pact structure. Secondly, the X-band CBPM is expected to
extract the RF signals with better SNR. Thirdly, it could
test the machining techniques of the manufacturers.

This paper will mainly introduce the design and cold test
of the X-CBPM as well as the high-bandwidth feedthrough.
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REQUIREMENTS

As described in [3], the X-CBPM will operate at
11.483 GHz which has a 59.5 MHz deviation from the
quadruple frequency of 2856 MHz. The bandwidth is rang-
ing from 1.59 MHz to 3.18 MHz. Thus the decay time con-
stant is ranging from 100 ns to 200 ns. In order to reduce
the influence of beam jitter in the X/Y direction on the
beam position measurement in the Y/X direction, the XY
crosstalk is required to be smaller than -34 dB under a dy-
namic range of +100 pm. The fundamental requirements of
the X-CBPM have been summarized in Table 1.

Table 1: Requirements of X-CBPM

Parameters Value Unit
Frequency 11483 MHz
Decay time constant 100~200 ns
Qload 3611~7222 ~
Bandwidth 1.59~3.18 MHz
XY crosstalk <-34 dB
Crosstalk between <-60 dB

Ref. and Pos. cavity

DESIGN OF X-CBPM

The X-CBPM is composed of a position cavity and a ref-
erence cavity. The position cavity of X-CBPM is equipped
with four rectangular waveguides and thus demands four
high-bandwidth feedthroughs. The waveguides are mainly
used to reject the TMO010 mode and extract the TM110
mode. The structure of this cavity is shown in Fig. 1(a).

Figure 1: A 3-D view of X-CBPM vacuum parts: (a) posi-
tion cavity; (b) reference cavity.

Unlike the previous CBPM reference cavity, the refer-
ence cavity of X-CBPM additionally contains two rectan-
gular waveguides. This is mainly because of the limited
space for installation of feedthrough. The diameters of the
beam pipe and the reference cavity resonating at
11.483 GHz are 10 mm and 20 mm, respectively. Exclud-
ing the thickness of the cavity wall, the space left for in-
stalling feedthrough in the radial direction is less than
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4 mm. To solve this problem, a rectangular waveguide is
added at both ends of the reference cavity, as shown in
Fig. 1(b). The TM010 mode in the cylindrical cavity can
enter the rectangular waveguide through magnetic cou-
pling.

Using the computer simulation software (for example
CST), the final CBPM model can be obtained through iter-
ative optimization and calculation. The RF signals coupled
from the X-CBPM are shown in Fig. 2. Among them,
Fig. 2(a) and (c) show the waveforms generated in the ref-
erence cavity and position cavity, respectively; Fig. 2(b)
and (d) present the frequency spectrum of the reference
cavity and position cavity, respectively. The simulation re-
sults using CST can be summarized in Table 2. Both of the
reference cavity and position cavity work at 11.483 GHz.
The bandwidths of the reference cavity and position cavity
are 1.81 MHz and 1.94 MHz, respectively.
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Figure 2: (a) The output signal waveform of reference cav-
ity; (b) The frequency spectrum of reference cavity; (c) the
output signal waveform of position cavity; (d) the fre-
quency spectrum of position cavity.

Table 2: Simulation Results of X-CBPM

Parameters Reference Position
cavity cavity
Frequency/GHz 11.483 11.483
Decay time constant/ns 164 176
Qload 6344 5919
Bandwidth/MHz 1.81 1.94
Sensitivity/(V/nC) 14 2@1 mm

TEST OF X-CBPM

In order to understand the characteristic of the X-CBPM,
multiple tests have been performed during the production
process with a broadband network analyzer. The X-CBPM
has been manufactured last year, as shown in Fig. 3. The
whole length of the X-CBPM is 144 mm. The distance
between the reference cavity and position cavity is more
than 60 mm to improve the isolation between the two
cavities.

The first cold test results have been measured with a NA,
as shown in Fig. 4. There are several unexpected modes
that occurred in the frequency response of the reference
cavity and position cavity. During the second test, we made
some improvements to reduce the gap between the cavity
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parts by adding few circular rings between the gaps. The
feedthroughs are further fixed. Moreover, the reference
cavity and position cavity are tested seperatly, as shown in
Fig. 5.
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Figure 4: The first cold test result: (a) position cavity; (b)
reference cavity.

Figure 5: Photos of X-CBPM second test.
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Figure 6: Frequency response of the second cold test: (a)
Position cavity (span=15 GHz); (b) Position cavity
(span=50 MHz); (c) Reference cavity (span=20 GHz); (d)
Reference cavity (span=50 MHz).

The second cold test results are presented in Fig. 6. It is
apparent that the frequency response of the position cavity
and reference cavity in Fig. 6.(a) and (c) is quite different
from that in Fig. 5. The unexpected modes in Fig. 5 have
disappeared in Fig. 6. The tested frequency responses of
the position cavity and reference cavity are almost con-
sistent with simulation results. The measured frequencies

MOPP12
57

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the Work, publisher, and DOI

10th Int. Beam Instrum. Conf.
ISBN: 978-3-95450-230-1

of the position cavity and reference cavity are 11.470 GHz
and 11.501 GHz, respectively. The measured bandwidths
for position and reference cavity are 3.6 MHz and
7.0 MHz. However, there is an unanticipated mode operat-
ing at 12 GHz near the TM 110 mode of the position cavity.
The frequency response of the mode is related to the pres-
sure on the cavity. Figure 7 shows two different frequency
response under different pressure on the position cavity.

X-CBPM Position Cavity
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Figure 7: Frequency response under different pressure on
the position cavity.

Finally, the physical photo of the cavity after brazing and
argon arc welding is shown in Fig. 8. The cold test results
are presented in Fig. 9. Among them, Fig. 9(a) shows the
frequency response of reference cavity, position cavity-X,
and position cavity-Y, respectively. The frequency re-
sponse of the reference cavity is consistent with that in
Fig. 6. The frequency response of the position cavity is
slightly different from the second test result. The 12-GHz-
mode has disappeared this time. The cold test results show
that the frequency of the reference cavity is 11.506 GHz,
which is 23 MHz larger than the simulation result of
11.483 GHz. The position cavity-X and position cavity-Y
are 11.485 GHz and 11.486 GHz, respectively, which are
quite close to the simulation frequency of 11.483 GHz. The
measured bandwidth of the reference cavity is completely
consistent with the simulation result, but the measured
bandwidths of the position cavity-X and position cavity-Y
are 0.6 and 0.4 MHz larger than the simulation result. The
measured maximal XY crosstalk is -44 dB which can still
satisfy the requirement. The final test results have summa-
rized in Table 3.

Figure 8: The physical photo of the X-CBPM.
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Figure 9: (a) Frequency response of X-CBPM
(span=20 GHz); (b) Frequency response of X-CBPM
(span=50 MHz).
Table 3: Final Cold Test Results of X-CBPM
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Parameters Ref. Pos-X Pos-Y
Frequency/GHz 11.506 11.485 11.486
Decay time con- 176 127 138
stant/ns
Qload 6368 4599 4921
Bandwidth/MHz 1.81 2.5 2.3
XY crosstalk/dB ~ -44
CONCLUSION

An X band cavity BPM prototype has been successfully
developed. The results of multiple tests show good sup-
pression of these unexpected modes so that there is no sig-
nificant interference on the measurement of the dipole
mode. An important experience is that reducing the cavity
gap can help obtain effective cold test results before weld-
ing.

Plans are being made to construct two additional X-
CBPM and test them in SXFEL as soon as possible. The
important resolution can be obtained under beam condi-
tions in the near future.
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